Abstract. This work proposes a smart phone video based approach for the estimation of blood glucose in a non-invasive way. Videos using smartphone camera are collected from the tip of the subject's finger and the frames are subsequently converted into 
INTRODUCTION
Diabetes mellitus is a chronic incurable disease that causes an array of serious medical complications. The glucose level of diabetes patients need to be regulated by drawing blood several times per day to measure the glucose level, and administer insulin manually [1] .
Multiple components like a lancet, one-time test strips and a glucose meter are required to get the estimate. A frequent user such as Type 1 diabetes patient requires to buy and restock these components frequently. The conventional approach of blood glucose monitoring is expensive, uncomfortable and often painful.
Due to inconvenience involved with the conventional approach, the researchers had been in search for a reliable, accurate and simple method to measure the glucose level without using of selective chemical reagents or physical separations [2, 3] . Over the last two decades, NIR spectroscopy has been established as the most popular method for noninvasive glucose monitoring [4] [5] [6] [7] . NIR based technique is a simple technique which has high signal-to-noise ratio as compared to others. Sophisticated data-processing algorithms are required to extract the glucose information in the presence of other dominating signals.
There are other non-invasive techniques which have not been explored enough for this purpose. Photoelectric Plethysmography also known as PPG is a low cost noninvasive technique which measures the volumetric change of blood in the arteries. PPG signal has been widely investigated for the estimation of heart rate by the researchers. Demirezen et al. [8] used Remote Photoplethysmography (rPPG) to detect heart rate from the tissue from the skin whereas Lin et al. proposed KNN based binary classification method for identifying diabetic/non diabetic group from smartphone video [16] . The reported approach achieved a very poor accuracy (86.2%), unable to identify pre-diabetic status of the subject which is also vital and unable to remove the dependency of invasive method as the subject still needs to use visit laboratory or use glucometers to know the exact level of glucose which is of utmost importance.
Here, we propose a fully non-invasive technique to predict the glucose level in blood with the help of reflection PPG imaging acquired by smartphone camera.
Jonathan et al. [17] previously reported the use of mobile phone camera for reflection PPG imaging from a male subject for the estimation of heart rate. In our study, video data from 18 subjects have been collected from same position of the fingertips and subsequently converted into the respective waveforms. These waveforms have been preprocessed through Gaussian filter for the noise removal. Baseline wandering which is typical in this kind of data acquisition due to motion interferences has been removed using Asymmetric Least Squares (ALS) method. 
PROPOSED METHODOLOGY
An overview of our proposed model has been presented in Figure 1 . The process starts with experiment for video data acquisition and conversion into raw PPG signal.
After acquiring the PPG signal, different preprocessing techniques were applied to get the useful signal. The preprocessed signal was then used to extract important features relevant to the glucose level and fed into the regression analysis module. The module was trained using the feature set and reference value of glucose taken using the commercially available glucometer (invasive method). Finally, the module was used to predict blood glucose level from unknown sample.
Experiment Details
Consumer grade smartphones available in the market have good camera quality nowadays, which can be a very . ROI was not chosen from the frames meaning the average intensity of the whole frame was considered. The PPG signal was extracted as:
Here, MV (dc) is the mean intensity for the entire frame, MV (f, t) is the individual cell mean intensity, f is frame number and t is the time stamp of the frame.
To acquire video data, the tip of the finger was placed on the camera sensor (Figure 2 ). After that, a video was recorded for about 60 seconds. The duration was selected to give the data some breathing room since there is usually some movement during the placement of the fingertip on the sensor. We simultaneously collected the invasive blood sugar data using a commercial glucose meter (Accu-Check Performa and Accu-Check Active) as a reference. We processed each video by taking the red intensity value first from the whole frame, which gave us multiple values for the whole frame as each section of the frame had a different red intensity value. Then we averaged that value to represent the whole frame. After that we stored each value within an array. The array, when plotted, represented a PPG signal.
Video data was collected from 18 people aged between 15 and 61. Subjects were told to place their fingertip on the camera sensor and wait for 60 seconds. 
Signal Quality
We identified that the best way to collect video data without much motion is to let the subject hold the phone The Gaussian distribution can be explained by the equation below where c is center and w is width:
The degree of the smoothing can determined by the converted to its first derivative as it gives higher number of peaks and the peaks are also more pronounced. A 2-point central difference method (eqn 3) was used to determine the first derivative described by Farooq et al [20] and Weng et al [21] .
The number of peaks doubled from the pre-processed signal after the derivative, which can be seen in Figure 9 .
After applying the first derivative we used the location of the peaks in each cycle as features.
Since first derivative signals also had negative peaks we had to process the signal further before using. In Figure   10 , we can see the raw signal processed through different steps and first derivative peaks that have been detected from the signal.
Regression Analysis
Regression analysis was done on raw signals, 
